Introduction and Classification
Autoimmune hemolytic anemia (AIHA) exhibits two important characteristics: shortened red blood cell (RBC) survival and presence of autoantibodies directed toward autologous RBCs, usually demonstrated by a positive direct antiglobulin (Coombs) test (DAT) [1] . AIHA is classified by the temperature at which autoantibodies bind optimally to RBCs. In warm antibody AIHA, which constitutes about 80-90% of adult cases, hemolysis is mediated by antibodies which bind to RBCs at 37 ° C (98.6 °F) [2] [3] [4] . In cryopathic hemolytic syndromes, cold-reactive autoantibodies exhibit affinity for RBCs optimally at temperatures below body temperature. In adults, most of the cold-reactive antibodies are agglutinins of the IgM isotype. In children, cold hemolysins (generally IgG) are most common. Unusual patients with mixed AIHA exhibit both cold-reactive and warm-reactive autoantibodies [5, 6] .
Each of these types of AIHA may be sub-classified based on the presence or absence of underlying diseases. In the absence of an Packman Transfus Med Hemother 2015;42:317-324 318 fever, pallor, jaundice, ( fig. 1 ) hepatosplenomegaly, hyperpnea, tachycardia, angina, or heart failure.
Cryopathic Hemolytic Syndromes
Cold agglutinin disease accounts for about 10-20% of cases of AIHA [2, 3] . The prevalence is estimated at about 14 per million [8] . It is more common in women than in men [2, 3] .
Idiopathic (primary) chronic cold agglutinin disease has its peak incidence after age 50 years. This disorder is characterized by monoclonal IgM cold agglutinins and is considered a special form of monoclonal gammopathy or low-grade lymphoproliferative malignancy. The majority of these patients exhibit clonal B-lymphocyte proliferation [8] . As with other 'essential' or idiopathic monoclonal gammopathies, some of these patients develop features of a B-cell lymphoproliferative disorder such as chronic lymphocytic leukemia, low-grade lymphoma or Waldenström macroglobulinemia. Other patients with established lymphoproliferative disorders may develop cold agglutinin disease as a manifestation of the lymphoma. Cases associated with symptomatic lymphoproliferative disorders are said to represent secondary cold agglutinin disease. However, since 'idiopathic' cases also generally have evidence of a clonal lymphoproliferative disorder, the distinction between these primary and secondary types of chronic cold agglutinin disease is not fixed. Most patients with idiopathic cold agglutinin disease have chronic hemolytic anemia. These patients usually possess cold agglutinins of high thermal amplitude, i.e., agglutinins that can bind at or near body temperature. Other patients exhibit episodic, acute hemolysis with hemoglobinuria induced by chilling. In these patients, one tends to see antibodies with lower thermal amplitude requiring more severe chilling for the agglutinin to bind to RBCs. Secondary cold agglutinin disease is seen in adolescents or young adults with Mycoplasma pneumoniae infections, infectious mononucleosis and, sometimes in children with chickenpox. It is a selflimited process. Most patients with mycoplasma pneumonia have high cold agglutinin titers, but clinical hemolytic anemia is unusual [9] . Cold agglutinins occur in more than 60% of patients with infectious mononucleosis, usually unaccompanied by hemolysis [10] . Hemolysis in M. pneumoniae infections is acute in onset, and usually appears as the patient is recovering from pneumonia, coinciding with peak titers of cold agglutinins. The hemolysis is self-limited, lasting 1-3 weeks [3] . Hemolytic anemia in infectious mononucleosis develops within the first 3 weeks of illness [10] .
Jaundice may be present. Livedo reticularis is occasionally seen ( fig. 2a) . Acrocyanosis involving the fingers, toes, nose, and ears is caused by sludging of RBCs in the cutaneous microvasculature ( fig. 2b) . Skin ulceration and necrosis are uncommon. Other physical findings are variable and depend upon the presence and nature of an underlying disease. Splenomegaly, a characteristic finding in lymphoproliferative diseases or infectious mononucleosis, may be observed in idiopathic cold agglutinin disease.
Paroxysmal cold hemoglobinuria is most common in children and accounts for about 2-5% of all cases of AIHA [2, 3] . However, among children, Donath-Landsteiner hemolytic anemia accounts for almost one-third of cases [11] . Most childhood cases follow either specific viral infections or upper respiratory infections of undefined etiology [2, 3, 11, 12] . In paroxysmal cold hemoglobinuria, constitutional symptoms are prominent during a paroxysm. A few minutes to hours after cold exposure, the patient develops aching pains in the back or legs, abdominal cramps, and headaches. Chills and fever typically follow. Hemoglobinuria is observed shortly after onset of symptoms. The constitutional symptoms and hemoglobinuria generally last a few hours. Raynaud phenomenon and cold urticaria sometimes occur during an attack; jaundice may follow.
Drug-Induced Immune Hemolytic Anemia
The incidence of drug-induced immune hemolytic anemia is about one per million. The great majority result from the secondand third-generation cephalosporins, cefotetan, and ceftriaxone [13] . A careful history of drug exposure should be elicited from all patients with hemolytic anemia or a positive DAT. The clinical picture is quite variable. As with other hemolytic anemias, the severity of symptoms depends upon the rate of hemolysis, which may be slow and mild or rapid and severe. Acute renal failure and death may accompany severe hemolysis [14] [15] [16] . 
Laboratory Features

General Features
Patients with warm antibody AIHA may present with hematocrit levels less than 10% or may have compensated hemolytic anemia and a near-normal hematocrit. Occasional patients have leukopenia and neutropenia [17] . Platelet counts are usually normal. Occasionally immune thrombocytopenia is seen in patients with warm antibody AIHA, a condition termed Evans syndrome [17] .
Patients with chronic cold agglutinin disease exhibit mild to moderate anemia, hematocrit levels ranging sometimes as low as 15-20%. Patients with paroxysmal cold hemoglobinuria exhibit a rapid fall in hematocrit during a paroxysm. During a paroxysm, leukopenia is noted early, followed by leukocytosis. Consumption of complement proteins during hemolysis may lead to depression of complement levels.
In drug-induced immune hemolytic anemia, the hematologic findings are similar to those of warm antibody AIHA at one end of a spectrum, or may be as severe as those seen in paroxysmal cold hemoglobinuria at the other end, depending on the mechanism of the drug-induced immune process. Most patients exhibit anemia and reticulocytosis.
The blood film exhibits several features common to all types of AIHA. Polychromasia represents reticulocytosis, reflecting an increased production and egress of reticulocytes from the marrow. Spherocytes are frequently seen, a finding that suggests the presence of either hereditary spherocytosis (HS) or an immune hemolytic process. In more severe cases, RBC fragments, nucleated RBCs, and erythrophagocytosis by monocytes may be seen. Mild leukocytosis and neutrophilia are typical. RBC autoagglutination may be seen in the blood film and in chilled anticoagulated blood from patients with cold-antibody AIHA ( fig. 3) .
The reticulocyte count usually is elevated. Nevertheless, early on, more than one-third of patients may exhibit transient reticulocytopenia [18, 19] . Reticulocytopenia also may be seen in patients with compromised marrow function, parvovirus infection, toxic chemicals, or nutritional deficiency. Marrow examination is not necessary for the diagnosis, but usually reveals erythroid hyperplasia. Sometimes there is evidence of an underlying lymphoproliferative disorder.
Increased unconjugated bilirubin is characteristic of hemolytic anemia. Total bilirubin is only modestly increased and the conjugated (direct) fraction constitutes less than 15% of the total. Urinary urobilinogen is increased but bilirubin is not detected in the urine unless serum conjugated bilirubin is increased. Serum haptoglobin levels are low, and lactate dehydrogenase levels are increased. Hemoglobinuria is rare in warm antibody AIHA but is more common in patients with cold agglutinin disease, and especially in patients with paroxysmal cold hemoglobinuria and with some types of drug-induced immune hemolytic anemia.
Serologic Features
The DAT detects antibody and/or complement on RBCs. A positive DAT is an important feature of AIHA. A broad-spectrum antiglobulin reagent detects both immunoglobulin and complement components on patient RBCs. More specific reagents which react selectively with IgG or with C3 are used to determine which sensitizing agents are present on the RBCs. Monospecific antisera to IgM or IgA may be used in selected cases [1] .
DAT may detect 3 principal patterns of RBC sensitization: IgG alone, complement alone, and IgG plus complement. Each pattern is associated with active hemolysis. The differential diagnostic significance of each of these major patterns of RBC sensitization is shown in table 2. IgA and IgM are encountered less frequently, usually in concert with bound IgG and/or complement [20] [21] [22] [23] .
In warm antibody AIHA, the autoantibodies exist in a reversible, dynamic equilibrium between RBCs and plasma [24] . Thus 'free' autoantibody may be found in the plasma or serum of patients by the indirect antiglobulin test (IAT). The occurrence of free autoantibody in plasma is an 'overflow' phenomenon, depend- Occasionally, patients with warm antibody AIHA present with spherocytic hemolytic anemia but a negative DAT. There are 3 principle causes for the negative DAT: IgG or complement sensitization below the threshold of detection of antiglobulin reagents; low-affinity IgG causing loss of cell-bound antibody during the cell washing steps before the direct antiglobulin reaction; sensitization with IgA or IgM antibodies which many commercial DAT reagents cannot detect because they contain only anti-IgG and anti-C3. More sensitive methods for quantifying RBC-bound IgG allow identification of patients with so-called 'Coombs negative' AIHA [25] . Coombs-negative AIHA has been reviewed elsewhere [26] .
The rate of hemolysis in patients with warm antibody AIHA patients is quite variable and depends only loosely on the strength of the antiglobulin reaction. The IgG subclass of warm autoantibodies appears to influence RBC survival. IgG1, the most commonly encountered subclass, and IgG3 autoantibodies appear to be more effective in decreasing RBC life span than do those of the IgG2 or IgG4 subclass [20, 27, 28] .
The autoantibodies in warm antibody AIHA typically bind to all common types of human RBCs found in test panels used by blood banks. However, they are not 'non-specific.' Rather, the autoantibodies from any given patient recognize one or more antigens common to almost all human RBCs, so-called 'public' antigens. Nearly half of all warm antibody AIHA patients have autoantibodies specific for epitopes on Rh proteins [29] [30] [31] [32] . These autoantibodies react with all human RBCs except those with the Rh-null phenotype. Autoantibodies with such specificity are designated collectively as Rh related [32, 33] . The remaining patients with warm antibody AIHA have IgG autoantibodies that react with Rhnull RBCs [29] [30] [31] [32] . Autoantibody specificity for these so-called non-Rh-related blood group antigens has been identified, including Wr b [29] , En a [34] , LW [35] , U [36] , Ge [23, 37] , Sc1 [38] , and K [39] .
Cold agglutinins directly agglutinate RBCs at temperatures below body temperature, maximally at 0-5 ° C (32-41 °F). Agglutination is reversible by warming. Healthy individuals often display low-titer cold agglutinins, but in chronic cold agglutinin disease, serum titers may range from 1: 1,000 to 1: 512,000 [3] . Cold agglutinins are typically IgM but IgA or IgG cold agglutinins have also been reported [3, 40, 41] , sometimes with IgM [42] . In mixed warm and cold antibody AIHA, both warm-reactive IgG autoantibodies and IgM cold agglutinins are found concurrently [5] .
The DAT is positive with anticomplement reagents. The cold agglutinin antibodies are not detected by the DAT because the cold agglutinins easily dissociate from the RBCs not only in vivo but also during the washing steps of the antiglobulin procedure. In contrast, C4b and C3b are covalently bound to target RBCs via thioester linkages.
The majority of cold agglutinins react with antigens of the I/i system, precursors of ABH and Lewis blood group substances [43] . I antigens are plentiful on adult RBCs but only weakly expressed on neonatal or cord RBCs. The opposite is true of i antigens. Anti-I is the principal specificity of cold agglutinins in idiopathic cold agglutinin disease, in patients with M. pneumoniae and in some cases of lymphoma. Anti-i specificity is predominant in patients with infectious mononucleosis and in some patients with lymphoma. Some cold agglutinins react equally well with adult and neonatal RBCs. These antibodies recognize antigens outside the I/i system, including Pr [40] , M [44] , or P [45] blood group antigens. Cold agglutinins associated with chickenpox often exhibit anti-Pr specificity. In hemolytic anemia of infectious mononucleosis, in addition to the usual IgM anti-i cold agglutinins, in some cases cold-reactive nonagglutinating IgG anti-i antibodies occur in concert with IgM cold-reactive anti-IgG antibodies ('rheumatoid factors'). The latter may then cross-link the IgG-coated RBCs to produce agglutination [46] .
In paroxysmal cold hemoglobinuria, surviving RBCs are generally coated with complement. The direct antiglobulin reaction may be positive for complement during and briefly following an acute attack. The non-agglutinating IgG Donath-Landsteiner antibody is responsible for complement deposition on the cells; however, it binds RBCs only in the cold and is not detected by the DAT. The DAT remains negative between attacks. The antibody is detected by the Donath-Landsteiner test, in which patient's fresh serum is first incubated with RBCs at 4 ° C (39.2 °F) to allow binding of antibody. The mixture is then warmed to 37 ° C (98.6 °F) to allow com- plement activation, resulting in intense hemolysis [3] . Antibody titers are generally low, rarely exceeding 1: 16. The Donath-Landsteiner antibody exhibits specificity for the P blood group antigen, which is found on lymphocytes and skin fibroblasts [47] . The latter finding may account for episodes of cold urticaria in paroxysmal cold hemoglobinuria, a phenomenon that may be transferred passively by serum to normal skin [2] .
The laboratory findings of drug-induced AIHA may resemble those of warm antibody AIHA or a cryopathic hemolytic syndrome, depending on the mechanism of the autoantibody induction and the target antigen [1] . A high index of suspicion on the part of the clinician and discussions with blood bank personnel can usually reveal the role of the drug.
Differential Diagnosis
HS, Zieve syndrome, clostridial sepsis, and the hemolytic anemia preceding Wilson disease resemble AIHA in several respects. HS may present in adulthood, and splenomegaly may be present in both HS and AIHA. The family history in HS, however, often identifies other affected individuals. Most importantly, among these diseases, the DAT is positive only in AIHA. Bites of the brown recluse spider, (Loxosceles reclusa) may cause severe hemolysis and a DAT positive for IgG and or complement. Spherocytes and RBC fragmentation are noted on the blood film [48, 49] .
The serologic nature of the autoantibody helps distinguish warm antibody AIHA from cryopathic syndromes. A careful drug history supported by matching serologic findings helps to distinguish drug-induced immune hemolytic anemia. A positive DAT reaction shortly following blood transfusion raises the specter of a delayed transfusion reaction, leading to an erroneous impression of an autoimmune process.
Other acquired types of hemolytic anemia are unlikely to mimic AIHA since spherocytosis is absent on the blood film and the DAT is negative. Patients with paroxysmal nocturnal hemoglobinuria (PNH) may note hemoglobinuria which can occur in patients with the cryopathic AIHA, but not usually in patients with warm autoantibodies. The DAT is negative in PNH. Thrombotic thrombocytopenic purpura and hemolytic uremic syndrome are distinguished from AIHA by fragmentation of RBCs and relative absence of spherocytes on the blood film and the almost uniform presence of thrombocytopenia, which is lacking in most cases of AIHA.
Chronic cold agglutinin disease is marked by the presence of a cold agglutinin in high titer and a DAT positive for complement and not IgG. Some cases of drug-induced immune hemolytic anemia also exhibit a positive DAT only with an anti-complement reagent. A history of recent drug ingestion and absence of a significant cold agglutinin titer help to differentiate drug-induced immune hemolytic anemia from cold agglutinin disease. A patient with high titer cold agglutinins and a positive DAT for both IgG and complement may have a mixed-type AIHA. When hemolysis is chronic, warm antibody AIHA, hereditary hemolytic anemia, and PNH should be excluded. The family history, serology, and flow analysis of CD55/CD59 on blood cells offer added support in such cases. Episodic hemolysis raises the possibility of paroxysmal cold hemoglobinuria, march hemoglobinuria, and PNH. Cryopathic peripheral vasoocclusive symptoms call to mind cryoglobulinemia and Raynaud phenomenon, possibly related to a rheumatic disorder. In the appropriate clinical setting, infectious mononucleosis, M. pneumoniae infection, or lymphoma should be considered.
Unusual clinical presentations of AIHA may cause initial confusion in the diagnosis. For example, patients may present with a normal reticulocyte count [18] or a negative DAT [26] . Other evidence of hemolysis such as elevated indirect bilirubin and lactate dehydrogenase, decreased serum haptoglobin, and the presence of spherocytes on the blood film along with a high index of suspicion will lead to the correct diagnosis.
In other cases, hemolysis is less prominent, and blood cell injury is mediated primarily by agglutination. A recent case report describes a patient with livedo reticularis, minimal hemolysis, and a warm IgA non-complement-fixing autoagglutinin, who died of complications of hemagglutination [50] . In another example, a patient presented with acrocyanosis and a high-titer, high-thermalamplitude, complement-fixing IgM cold agglutinin, without evidence for hemolysis. [51] In atypical cases, serologic examination for mixed warm and cold autoantibodies [5] , warm IgM autoantibodies [52] , or IgA autoantibodies [53] may prove useful since many of these patients exhibit more aggressive disease. Discussion between the clinician and the blood bank physician is helpful to solve difficult cases and has the potential to affect therapy.
Paroxysmal cold hemoglobinuria with its characteristic episodic hemolysis and hemoglobinuria is generally distinguished from chronic cold agglutinin disease, warm antibody AIHA, march hemoglobinuria, myoglobinuria, and PNH by the DAT and Donath-Landsteiner test.
Drug-induced immune hemolysis may mimic warm or cold antibody AIHA, hereditary hemolytic anemias such as HS, and other drug-mediated hemolytic anemias such as glucose-6-phosphate dehydrogenase deficiency. Patients with drug-induced immune hemolytic anemia have a positive DAT that distinguishes this group from patients with inherited RBC defects.
Course and Prognosis
Relapses and remissions characterize the unpredictable clinical course of idiopathic warm antibody AIHA. An older study reports survival of 73% at 10 years [51] but it is likely higher nowadays. Thromboembolic episodes are relatively common during active phases of the disease, frequently associated with anti-phospholipid antibodies [55] [56] [57] . The prognosis in secondary warm antibody AHA largely depends upon the course of the underlying disease.
In children, warm antibody AIHA frequently exhibits a selflimited course following a rapid response to glucocorticoids. Most of these cases occur after an acute infection or immunization [58, 59] . Those who recover from the initial hemolytic episode have a good prognosis and are unlikely to relapse, although exceptions occur. Children with chronic AIHA tend to be older [60] . The mortality rate ranges from 10 to 30% [58, 60, 61] , with higher mortality rates in those with chronic AIHA and in cases with simultaneous immune thrombocytopenia (Evans syndrome) [62] .
Patients with idiopathic cold agglutinin disease generally follow a benign direction, often surviving for many years [3] . Death may result from infection or severe anemia or sometimes from an underlying lymphoma.
Postinfectious cold agglutinin disease is usually self-limited, with recovery occurring in a few weeks. Postinfectious forms of paroxysmal cold hemoglobinuria cease spontaneously within days to weeks after onset [11, 12] , although the Donath-Landsteiner antibody may persist in low titer for several years [2] . Patients with chronic idiopathic paroxysmal cold hemoglobinuria survive for years despite occasional paroxysms of hemolysis.
Drug-induced immune hemolytic anemia is usually mild, and the prognosis is good. Severe hemolysis leading to renal failure or death has been reported [14] [15] [16] . In most cases, hemolysis ceases, and the DAT becomes negative shortly after the drug is discontinued and clears from the circulation. However, in those cases mediated by drug-induced autoantibodies, the DAT may remain positive for weeks to months after discontinuation of the offending drug and cessation of hemolysis.
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